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Fibrinogen and Factor ¥11 as Risk 
Factors In Vascular Disease 



INTRODUCTION 

Several prospective epidemiologic studies have demonstrated a positive sta- 
tistical correlation of the plasma fibrinogen concentration and the plasma factor 
VII level with subsequent ischemic cardiovascular events, including acute my- 
ocardial infarction, sudden death and ischemic cerebrovascular accident. For fi- 
brinogen, this correlation was statistically significant for ischemic cardiac events in 
both men and women (54,66,94,101) and for cerebrovascular accidents in men 
(54,101). For factor VII, a significant association with subsequent ischemic cardiac 
events was found in men (66). In most cases, multivariate -analysis showed the 
fibrinogen or factor VII level to be a significant risk: factor after adjusting for other 
known risk factors, such as blood pressure, smoking, blood lipid levels and diabetes 
mellitus. 

Since these studies in the United States and Europe involved observation of 
large numbers of individuals over many years, it is likely that their findings can be 
extrapolated to the general population living in similar societies. However, certain 
limitations should be noted. Only two studies included female subjects (54,66), 
with only the latter reporting significant findings in women, suggesting the need 
for further studies of these possible risk factors in women. Furthermore, the sole 
study that included measurement of factor VII as a possible risk factor (66) has 
yet to be confirmed, although preliminary findings from another ongoing study 
also support an association of factor VII levels with ischemic cardiac events (5). It 
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is important, therefore, that the specific design and principal findings of these 
studies be analyzed in detail. These intriguing associations raise important questions 
concerning the potential mechanisms by which the elevated protein levels influence 
these pathologic conditions. It is therefore appropriate to analyze some of the other 
studies, including cross-sectional clinical and biochemical studies, aimed at clari- 
fying the role of these proteins in ischemic vascular disease. As background for 
understanding the epidemiologic studies, it is appropriate to review briefly the 
biochemistry of these proteins. For a detailed discussion of the structure and func- 
tion of fibrinogen, an extensive review is available (43); another recent review- 
discussed at length the possible mechanisms by which fibrinogen may be involved 
in atherogenesis (93). 



BIOCHEMISTRY OF FIBRINOGEN 

Fibrinogen is a large plasma glycoprotein with a molecular weight of 340,000, 
which is formed from three pairs of polypeptide chains known as the A-alpha, IB- 
beta, and gamma chains (Table 7-i). Thrombin cleaves the small amino-terminal 
fibrinopeptides A and B from the parent polypeptide chains/producing a soluble 
fibrin monomer. These monomers then associate non-covaientiy into fibrin poly- 
mers, which are subsequently cross-linked covalently by activated factor XIII to 
form insoluble fibrin (7S). Fibrinogen itself can also be cross-linked directly by 
activated factor XIII (51). The genes for ail three chains of fibrinogen are located 
on the long arm of chromosome 4 (55). Fibrinogen is produced by the liver and is 
relatively abundant in plasma, with a normal level of 2-4 grams per liter, and a 
half-life of 3-4.5 days (19). Fibrinogen is also synthesized by megakaryocytes and 
is present in the alpha granules of platelets. Fibrinogen binds specifically to activated 
platelets via the membrane glycoprotein Ilb/IIIa, resulting in platelet aggregation. 
Platelets are also incorporated into and influence the characteristics of the fibrin 
clot. Some fibrinogen (10 to 25 percent of the total pool) is distributed extravas- 
cularly in lymphatic and interstitial fluid and may have important functions in 
extravascular processes such as inflammation. Since fibrinogen is an acute-phase 
reactant, its plasma level can increase substantially in a number of settings, both 
physiologic and pathologic (103). Fibrinogen degradation products produced by 
the action of plasmin exert a feedback control on fibrinogen synthesis via the action 
of hepatocyre stimulating factor, a monocyte-derived polypeptide (7,S5). 
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Table 7-1. Characteristics of Fibrinogen and Factor VII 





Fibrinogen 


Factor VII 


Molecular weight 


340,000 


56.000 


Chain composition 


3 pairs of Act 


Single-chain 




B|3. and 7 




Plasma concentration 


2-4 g/L 


300-600 |xg/L 


Plasma half- life 


3-4.5 d 


5-6 hr 


Site of synthesis 


liver, megakaryocyte 


liver 


Gene location 


chromosome 4 


chromosome 13 
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Fact or VII 

56,000 
Single-chain 

300-600 ^g/L 
5-6 hr 
liver 

chromosome 13 
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BIOCHEMISTRY OF FACTOR VII 
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reactions, such as activation of factors VIII and V by thrombin S I f 
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ultimately increased generation of thrombin (Figure 7-1) 

The half-life of factor VII in vivo is very short at approximately 5-6 hours 
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Figure 7-1. Coagulation pathways leading to fibrin formation. PL - phospholipids or platelets. EPI 
= extrinsic pathway inhibitor, fp = fibrinopeptide. 
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(45) and that of factor Vila is even shorter, about 2 hr (89). A small amount oi 
factor Xa, aenerated bv any route, can produce the subsequent amplification or 
the extrinsic pathwav of coagulation by activating factor VII (Figure 7-1). Anti- 
thrombin III has little or no inhibitory activity against factor Vila, and until recently 
it was widely believed that there was no physiologic plasma inhibitor of factor Vila. 
Recent studies have found a lipoprotein-associated coagulation inhibitor, or ex- 
trinsic pathwav inhibitor (see Chapter 8, in this volume), which in the presence ot 
factor Xa inhibits the activity of factor Vila/ tissue factor (Figure 7-1) (8). Unlike 
the diverse functions ascribed to fibrinogen, no functional role for factor VII other 
than its involvement in factor X activation has been reported. The assay methods 
used for factor VII. as well as for fibrinogen, will be discussed in the analysis ot 
each studv. 
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TERMINOLOGY 



In citations in this review, the terminology used by the investigators cited will 
be used, since their choice generally was tailored to the specific characteristics of 
their subjects or to the endpoints under study. For instance, the Framingham studv 
used the term cardiovascular disease to encompass 4 tvpes of end-points or events 
including stroke and myocardial infarction. The term coronarv arterv disease has 
oeen used to describe patients who had proof of infarction while in other cases it 
may be applied to patients who only had angiographicallv proved disease Some 
investigators use the term ischemic heart disease to indicate subjects who have had 
ischemic symptoms or events due to coronary arterv disease. Thus it would be 
difficult and potentially inaccurate, to superimpose a uniform terminology on all 
the studies cited. ° J 



EPIDEP/nOLOGIC STUDIES OF HEMOSTATIC VARIABLES AS 
RISK FACTORS FOR MYOCARDIAL INFARCTION AND STROKE 

The Northwick Park Heart Study was the first prospective epidemiologic studv 
to report significant associations between the subjects' plasma factor VII and fi- 
brinogen levels at the time of entry into the study and the subsequent occurrence 
or ischemic cardiac events (64) (Table 7-2). Two smaller studies, from Gothenber° 
Sweden, and Leigh. England, only concerned fibrinogen, and these will be discussed 
first. 



The Gothenberg Study 

... f This Prospective epidemiologic study found a significant association between 
fibrinogen level at entry and subsequent ischemic vascular events (101 and Table 
'}}■ In thls stud - v> a11 men born in 1913 ^ Sweden and living in Gothenber* in 
1963 were identified from the Swedish national registrv system. Birth dates defined 
the eligible pool: of these, 792 men (81 percent) agreed to participate and were 
examined in 1967. The parameters studied at entry included total serum cholesterol 
systolic blood pressure, smoking status, plasma fibrinogen (bv the clotting method 
of Blomback), clotting factors II-VII-X (the P and P test), factor VIII fibrinolytic 
activity, and plasminogen, with blood drawn in the afternoon after a 6-8 hour 
fast. The reported analysis of outcomes (myocardial infarction, stroke and death 
from all causes) was based on 13.5 years of observation of all 792 participants bv 
a combination of interviews, reviews of hospital records, citvwide registers fo'r 
myocardial infarction and stroke using standardized criteria, review of all death 
certificates, and autopsies. The autopsy rate was 100 percent in men dvin* out of 
Hospital and greater than 80 percent overall. These are impressive achievements 
:n data collection. Although the sample size is somewhat smaller than optimal for 
prospective studies (see below), the impressively complete data collection, including 
pathologic verification, should maximize the accuracy of endpoint determination 
and compensate for the relatively small sample size. The samplina method for 
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Table 7-3. 



The Gothenberg Study. iMean VaJues for 
Coagulation Factors and Conventional Risk 
Factors at Base-Line Examination, According to 
Endpoint & 



Variable 

Factor II-VII-X {%) 
Factor VIII.C (%) 
Plasminogen (U) 
Fibrinogen (g/Jiter) 
Fibrinolytic activity (mm 2 ) 
Systolic pressure (mm Hg) 
Smoking (score) 
Serum cholesterol (mmot/liter) 



No End- 


Myocardial 


Point 


Infarction 


(n = 608) 


(n = 92) 


94.9 


95.6 


122 


127 


1S.4 


18.6 


3.30 


3.56t 


135 


132 


143 


1521 


2.6 


2.9§ 


6.95 


7.44t 



Endpoint 

Stroke 
(n = 37) 



94.7 
129 
18.7 
3.70t 
134 
153§ 
2.7 
7.26 



Death unrelated to stroke or infarction. 
' P < 0.0! (vs. no endpoint). 

P < 0.001 (vs. no endpoint). 
$ P < 0.05 (vs. no endpoint). 

Reprinted by permission of the New England Journal of Medicine. Vol 311:502. 1984. 



"Other 
Death"* 
(n = 60) 



S9.1 
133 

18.8 
3.27 
133 
145 

3.1± 

7.12 
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incidence of Stroke (Circled Percent- 
ages). According to Groups Delineated 
by Various Combinations of Systolic 
Blood- Pressure Levels and Fibrinogen 
Levels. Reprinted by permission of the 
New England Journal of Medicine 
311:504. 1«;S4. 




Figure 7-2. The Gothenberg study. 



The Leigh Study 

This epidemiologic study (94) prospectively assessed possible risk factors for 
the development of myocardial infarction in men drawn from a single general 
medical practice in Leigh, England (Table 7-2). Of 505 men between the ages 
40-69 in this practice, 384 (76 percent) were examined at the beginning of the 
study, and after exclusions for pre-existing ischemic heart disease, diabetes, hy- 
perlipidemia or hypertension under treatment, the results for the remaining 297 
(59 percent) were analyzed. The socioeconomic characteristics of the group were 
not reported. Approximately 54 percent of the men were smokers. The baseline 
studies included an electrocardiogram, lipoprotein analysis, serum cholesterol, and 
plasma fibrinogen (by nephelometry of heat-treated plasma). These 297 men, whose 
average age at entry was 52.4 years, were followed an average of 7.3 years (range 
0.1 tcTl6.1 years), with >50 percent followed at least 5 years (Table 7-2). 

During this observation time, 40 men suffered myocardial infarctions, and 
were then compared to the 257 in the infarction-free group. The mean entry levels 
of plasma fibrinogen, systolic blood pressure and cholesterol were each highly 
significantly correlated with the occurrence of myocardial infarction by univariate 
analysis. Since the mean age of the 40 men with infarction was significantly older 
(58.4 vears) than the attack-free group (50.6 years), the investigators divided the 
subjects into two groups, those 40-54 years-old, and those 55-69 years-old at 
entry. When fibrinogen levels were compared in these subgroups, fibrinogen level 
was still significantly correlated with risk of infarction. Multivariate analysis sup- 
ported the likelihood that fibrinogen was an independent risk factor for myocardial 
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infarction during the observation^e^^ 

nbnnogen. A similar but less striking combined effect of hi*h cholestero and hi °h 
hbnnogen on risk of myocardial infarction was also found Thl2 f h § 
analogous to the combined effect of svstolic b^^^tlSSn^^ a ? 
of stroke in the Gothenberg study. The^.J^Z^"^^^ 

ration of hbnnogen into artenosclerotic p.aauf formaJn X-fofinSl 
The Northwick Part Heart Study (NPHS) 

p.,,,™ 5 P. ros P ective u e P idemiol °S ic study was begun in 1972 to evaluate the possible 
elation ot various hemostatic parameters, which mi S ht promote throws s o 

from th! I Pm H nt °k 1SC f emiC hCart diSCaSe (9 - 62) " Sub ^ts were recZeTp^W 
H J Hein, C ^ u TT'f ^ ? roduction of a food-processins compan - 
(H.J. He.nz Co.) by indmdual invitation to all emplovees who had worked iS 
company at least 18 months; the participation rate of this grou wa rep oned as 
^Proximately 80 percent. Other subjects were also recruited bv P W „era7,Kio„ 
trom a group ot civil servants and postal workers- fnr th.c .u inv " at,on 

subjects eligible and the participaJn raS weren't Mats^nnd " 

females were ehgible and the age ranges were 18 to 64 years for males and 8 
2 " S ^ 3,eS m tirSt gr ° Up ° f 5ub j eCtS recru ^d (1«6 men and 638 

^Approximate^^^^ 

of the men were current smokers. Social class distribution was similar 7mX an 
females, with about half in the mid-level social class III fskilled trade, w m 

zittt posi „ ons) and about ^^^^^t^Jz 

groups. Thus the enrollment of subjects appears to h aVf > n hma H 

of social class. Follow-up was planned for'^ lea t 6 year from ent^lScts 

^M n0t h e HH UdeC L beCaUSe ° f P re - exisli »S disease; 7 percent o "he malefa'e 40 
or older had been hypertensive and many of these were on treatment. Tnd 60 malts 
had histones of angina or previous mvocardial infarction 

latter^ Para T erS studied at entr y deluded: factor V and factor VII (the 

V m hv X ; ° ne " S : t3§e C ° ttmg 3SSay in human factor VII-deficient plasma) factor 
vlll by a two-stage clotting assay, fibrinogen by a gravimetric technique 
abnnolyttc activity by dilute blood clot lysis Time, antithrombm I I by biXeicfnd 
: Z,„ °H ^ ""hods andplatelet count and adhesiveness. Blood sampTes u ere 
Stained from day workers in the morning in the non-fastin- state and also on rh! 
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smok^g and alcohol ^ m P" 0 "' b ^ STd 0 ».r a time span of 6 years. 
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clinical charts and autopsy ^ r *J™ s ° al an alvsis for significance was 

cause of death as cardl °^ of the group who died from 

performed by comparison of the georo ™ ischemic heart disease 

cardiovascular disease (N = 27 and t measured at entry (8 hemostatic 

same subgroup- 1511 white ™" of 10-0 years (range 

7 _ 2) . Analysis of mortahty wa based on a mean ^ 
7.3-13.5), with a mean in e nd om en tr q ^ ^ inal 

of 5.9 years. Non-fatal eve " ts , v ; e J^ s e after entry (rana e 2.1-12.6 years), with a 
which took place a mean of 6.7 ye* f ^Xunfarction of 4.3 years. Thus the 
mean interval from entry to non-fat myocar ^ ^ ^ A 

total follow-up period tof*™££^ were documented from questionnaires sen 
of 60 non-fatal myocardial infarctions wet ^ chmca , 

to participants and their ^^^^^^^0^. 99 of them before 
re-examination. A total of 14, deaths ™ of p hys icians determined 

re-examination was to take place. ™*™ d £™™ l »™ n dise P ase , with 28 of them 
that 68 of these 143 ™J^^™71 ^«*nt -pf the subjects whose 

sudden deaths. Autopsies were perforn ed ^on ^ ^ ^ ^ a 

. deaths were judged to be from ischemic : hea rt di s {rom 
" history of myocardial ^ Z from the analysis of deaths 

the analysis of non-fatal myocardial infarction i ou measured 
from ischemic heart disease. By ischem c heart disease within 

at entry was significantly asso cia ted .^"^od (Table 7-4). Fibrinogen level 
five years of death from ischemic heart 

at entry was also significantly a ?^* e ™ M infarc tion, both the fibrinogen and 
disease (Table 7-4). For non-fatal myocardial mtarcuo , ^ 

factor VII levels were XfiSS^^S^ ^ h ^ 

years of entry, but only the fib nnogen level ^ _ 2 subjects Wlth 

for the total follow-up period (Table 7 4 in i.aaa - fibrinogen with 

previous myocardial infarction ^^^^(^S).Tbe«niaTnumber 
Lath from ischemic heart disease was f^^^^Jin the highest third 
of events, whether fatal or non-fatal Uier) tha n 

for factor VII (above 120 percent) or «*^nlj«> - £ si ifican tlv 
in the lowest third for each variable. Factor Vlll level en . 
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Table 7-4. Selected Results of Northwick Park Heart Study 



Factor VII 

(%) 

^5 yr Total 



Fibrinogen 
(g/L) 



Cholesterol 
(rnmollL) 



I.H.D. Deaths (N = 68) 

x vaiue 

p value 1 " 
Non-Fatal M.I. (N = 60) 

x value 

p vaiue* 

Survivors without M.I. (N = 12S0) 
x value 



^5 yr Total ^5 yr Total 



123.9 
0.002 

113.9 
0.03 



117.2 
0.002 

107.3 
N.S ; 

107.0 



' 3.25 
0.005 

3.29 
0.0009 



3.13 


6.59 


6.43 


0.002 


0.01 


0.003 


3.22 


6.26 


6.14 


0.001 


N.S. 


N.S. 


2.90 




6.00 



" For regression coefficients from multivariate analysis 
x = mean 
yr = year 

N.S. = not significant 

I.H.D. = ischemic heart disease 

M.I. = myocardial infarction 



associated with either fatal or non-fatal events for the total follow-up period The 
<erum cholesterol level at entry was significantly associated with deaths from is- 
chemic heart disease but not with non-fatal myocardial infarction (Table 

The Framingham Study 

<™o BeS \ nning i ? 19 1 8 ' thC Framin ? ham stud v has biennially followed a cohort of 
09 male and female residents of the town. of Framingham. Massachusetts bv 
history physical examination, and testing for a number of variables as possible risk 
actors tor arteriosclerotic vascular disease. The endpoints in this study are- first 
attai* of coronary heart disease, stroke, cardiac failure, or occlusive peripheral 
vascular disease. An initial sample of 6507 men and women were individually invited 
uvattend the study cl.nic for examination, and 4494 (6S.S percent) actually did so 
-•6). This Participation rate was considered disappointing, and the initial' sample 
; as increased by addition of some volunteer residents who had not been part of 
fie original sample list. There was some indication from mortality data that the 
respondents from the initial sample were healthier than those who refused to 
participate, and that women who failed to return after the initial visit were less 
..t-althy than those who did. The possibility that the sample was not completely 
< -presentative of a general population was considered in the design of the data 
analysis. 

Some of the variables initially measured as possible risk factors included blood 
pressure, relative weight, (as an index of obesity), serum cholesterol VLDL (see 
oe.iow), uric acid, and glucose. After the midpoint of the tenth exam in 196S a 
-.ionnogen level was added to the battery of laboratory tests. The fibrinogen assay 
was a modified version of the Ratnoff and Menzie method, which involves clottino 
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Risk of Coronary Heart Disease by Fibrinogen 
Level at Examination 10, Framingham Study* 



Total tVo. 
of Events 



12 -y Age-Adjusted Rate of 
Coronary Heart Disease per 1000 



Teriile of 
Fibrinogen, 
gIL (mg/dL) 






Age 47- 


-79 y 


Age 47 


-5P yt 


Men 


Women 


Men 


Women 


Men 


Women 


1.3-2.7 (126-264) 


35 


20 


178 


94 


125 


70 


2.7-3.1 (265-311) 


35 


23 


176 


94 


170 


S9 


3.1-7.0 (312-696) 


41 


48 


2S7+ 


1691: 


35S§ 


160? 



* The population at risk consists of subjects who are tree of cardiovascular disease at examination 

t Trends significant in both men and women (P < .05). 
± P < .05. 
§P< .01. 

Reprinted by permission of the Journal of the American Medical Association. Vol. 258. p. 1185. 
copyright 1987, American Medical Association. 



plasma and then removing, drying, and hydrolyzing the clot, before measuring the 
final product spectrophotometrically. Results were obtained in 1499 subjects — 662 
men and 837 women (53). Subjects who had already experienced a cardiovascular 
event were excluded from the analysis; thus 554 men and 761 women followed for 
12 years formed the basis of the analysis (Table 7-2). The age range was 47 to 79 
years, with a mean above 55 (exact value not stated), making this a somewhat 
older cohort at entry than the Northwick Park, Gothenberg, or Leigh studies. 

During the 12-year follow-up, 312 cardiovascular events occurred, including 
214 first episodes of coronary heart disease (117 in men and 97 in women) and 92 
strokes. The mean fibrinogen level at entry was 285 mg/dL in men and 296 mg/dL 
in women, which was not significantly different. Risk of coronary heart disease 
was significantly greater in the upper third of fibrinogen values (>312 mg/dL) for 
both men and women (Table 7-5). Risk of stroke was also positively related to 
the fibrinogen level in men. Fibrinogen was positively correlated with a number 
of other risk factors, including smoking, as had been demonstrated by the Goth- 
enberg and Northwick Park studies. Despite these correlations, multivariate anal- 
ysis supported the conclusion that fibrinogen was an independent risk factor for 
overall cardiovascular disease (combining all 4 endpoints), and for coronary heart 
disease in men (p < 0.01), and for coronary heart disease in women (p < 0.005); 
the correlation with overall cardiovascular disease in women was of borderline 
significance. Whereas the fibrinogen level was significantly correlated with risk of 
coronary artery disease in men and women , for stroke the association was significant 
only for men (54). For women, the effect of fibrinogen on overall risk of cardio- 
vascular disease declined with age and had no apparent impact over the age of 70 
(Fig. 7-3). This is similar to the declining importance of serum cholesterol as a 
risk factor in older women in the Framingham study and emphasizes the importance 
of considering the age of the study group when extrapolating results of an epide- 
miologic study to a general population or a clinical practice. 
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or retired workers or homemakers, it is possible that these study groups are only 
partly representative of the more general population, especially in the case of 

women. ...... . 

Variables measured at entrv included blood pressure, weight, height, electro- 
cardiogram smoking habit, alcohol consumption, family history and individual 
historv- 20 laboratory tests were also performed, including fasting blood lipids, 
alucose. and uric acid. Based on the preliminary data from the Northwick Park 
study in 1981 the coagulation parameters fibrinogen, factor Vll and factor VIII 
were added Fibronogen was measured by the method of Clauss (a modification 
of the thrombin clotting time), and factor VII and factor VI 11 by one-stage clotting 
assavs Occurrence and confirmation of cardiovascular events was monitored by 
questionnaire, by re-examination, and by contacting families, physicians, and hos- 
pitals. Endpoints included myocardial infarction, stroke, and death from athero- 
sclerotic disease. 

A report of the baseline characteristics of 4186 subjects (2880 men and \AK> 
women) showed that factor VII. factor VIII and fibrinogen each increased with 
aoe over the age range of 20-59 (3). In men this increase was roughly linear, while 
in women there was"little rise of factor VII or fibrinogen before age 40 and then 
a relatively steep rise, compared to men. from age 40-59. Factor VII level was 
also positively correlated with oral contraceptive use. menopausal status, and body 
weight: fibrinogen was also positively correlated with cigarette smoking (both the 
fact" of being a"smoker and the number of cigarettes smoked per day), oral con- 
traceptive use. and body weight. A further report of the baseline characteristics 
of the PROCAM studv subjects included multivariate analysis of the relation ot 
each of the clottine factors to blood pressure, "blood glucose, uric acid and lipid 
fractions (total serum cholesterol. HDL- and LDL-cholesterol. and triglycerides) 
(4) This analysis showed that there was a highly significant correlation of the factor 
VII level with'blood glucose and with triglycerides in men and with HDL-cholesterol 
and triglycerides in "women. Fibrinogen was strongly linked to LDL-cholesterol 
and to factor VIII in men. but in women it was only linked to factor VIII. A similar 
= association of the clotting factors with lipid fractions had been suggested in the 
Northwick Park and Framingham studies, but not in as great detail. 

Results from the PROCAM study indicate that hypertension, diabetes melhtus. 
and .hyperlipidemia were all independent risk factors for coronary heart disease in 
men (2). Hyperlipidemia appeared to be the most important of these risk factors, 
and the presence of two risk factors had a multiplicative effect on the incidence 
rate of coronarv heart disease. This analysis was based on data from 2754 men 
who had no historv of myocardial infarction or stroke at entry and who were 
followed for four years, during which 73 suffered coronary events. No full report 
of a similar analysis for clotting factors has appeared yet, since these parameters 
were onlv included in the study as of 1981. However, a preliminary report was 
published, based on the observation of 1674 men (mean age 48.4 years at entry) 
followed for at least 2 vears. during which 15 coronary events were recorded. 
Compared to the 1659 men with no event recorded, these 15 subjects had higher 
mean factor VII. fibrinogen, total and LDL-cholesterol levels and blood pressure, 
and lower mean HDL-cholesterol levels (5). Since 14.799 men and 6^07 women 
were entered in the PROCAM study, one would expect that longer follow-up ot 
this large cohort could yield important data to help clarify the relative importance 
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of the clotting factors, and factor VII in particular, as risk factors for coronarv 
heart disease. 



GENERAL CONSIDERATIONS OF DESIGN AND 
INTERPRETATION OF PROSPECTIVE EPIDEMIOLOGIC STUDIES 

Sample Size 

Phillips and Pocock (82) recently reviewed the statistical estimation of required 
sample size in designing a prospective study with the. aim of testins whether a 
putative risk factor is associated with disease by univariate analvsis and whether 
the association is stilJ significant after adjusting for other known risk factors in 
multivariate analysis. Using coronary heart disease as their example, they dem- 
onstrated that one key issue of study size is the number of cases of the "disease 
required, which will depend on the incidence rate in the population under study 
and the period of observation. For a risk factor with a strong association on the 
order of cholesterol or blood pressure, univariate analysis mav require as few as 
:>0 cases, while for weaker risk factors as many as 200-400 cases may be needed. 
They estimated that for multivariate analysis to prove independence of one risk 
factor from all other known risk factors, about 20 to 50 percent more cases arc 
needed than for univariate analysis. Even larger number of cases will be required 
when the. factor being tested is highly correlated with other known risk factors. 
Thus, estimation of adequate study size is based on a number of assumptions that, 
in a given case, may be erroneous. Nevertheless, on the basis of this kind of 
estimation of study size, one may hazard a guess whether a particular study was 
large enough for the purpose of testing, a possible new risk factor. A major pre- 
caution to be gleaned from this kind of analysis is that any studv that fails to prove 
the importance of a particular risk factor may simplv not have had the statistical 
power to do so. 

All four prospective studies of fibrinogen as a risk factor found a similar, 
strong predictive power of fibrinogen level at entry for subsequent coronarv heart 
disease. These studies together evaluated a combined total of more than 400 men 
with myocardial infarction or sudden death and many thousands of men without 
such events. Thus, the association of plasma fibrinogen level with coronary heart 
disease in men appears to have been established beyond any reasonable doubt. It 
is also obvious, by contrast, that association of factor VII with coronary heart 
disease is not based on nearly the same sample size and thus requires confirmation 
and further study. More data are also needed for evaluation of these risk factors 
in women. 



Sample Composition 

Most epidemiologic studies>re drawn from a restricted geographic area, and 
it is possible that some of the results obtained are not applicable to people of 
different genetic, occupational, or social backgrounds. Despite the investigators* 
attempts to have a random sample, some selection bias may occur. These limitations 
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mean that in practice single studies rarely can reliably prove the importance of a 
given variable* as a risk factor for developing a specific disease or condition in the 
public at-iarge, and similarly a second study in a different population sample cannot 
disprove the first study. 



The Triglyceride Controversy 

An example of the controversy that can arise from conflicting results of sta- 
tistical analysis by multiple regression (multivariate) methods in different studies 
is the case of serum triglycerides, which was found to be a risk factor for coronary 
heart disease in men in some studies but not in others (38). The Stockholm pro- 
spective study found the fasting triglyceride level to be a significant risk factor in 
men after taking into account the correlation of triglycerides with other risk factors, 
including cholesterol (11). Similar findings were reported from Finland (SO). In 
contrast, the Framingham study did not find an independent association of the pre- 
beta S f 20-400 lipoprotein level (drawn in a random non-fasting state) with risk in 
men; in women, this very low density lipoprotein fraction (VLDL), which is com- 
posed mainly of triglyceride, was a significant risk factor and appeared to be more 
important than the total serum cholesterol in women over the age of 50 (52). Both 
the high variance in triglyceride measurements, particularly non-fasting, and the 
strong correlation with cholesterol levels may have diminished the ability of mul- 
tivariate analysis to demonstrate a separate contribution of triglycerides to risk of 
cardiovascular disease in men. One physiologic reason for the statistical linkage of 
these two lipids as risk factors may be related to the demonstration in a Seattle 
study that combined familial hyperlipidemia; in which cholesterol or triglycerides 
or both are modestly elevated in heterozygous affected family members, is the 
most common genetic category of hyperlipidemia in survivors of myocardial in- 
farction under the age of 60 (34). In a 1980 review, Hulley and coworkers illustrated 
the use of logistic regression analysis in assessing the importance of fasting tri- 
glycerides in the Western Collaborative Group Study of men aged 41-61 at entry. 
They concluded that the triglyceride level was not a significant risk factor when 
HDL-cholesterol and body mass index were taken into account (49). However, a 
re-analysis of the data from the framingham study led to the conclusion that the 
serum triglyceride level was, after all, a risk factor in men over 50 years old (17). 
This controversy is pertinent to the issue of coagulation factors as possible risk 
factors both as an example of the limitations of multivariate analysis and because 
of the linkage of factor VII and triglyceride levels. 



CROSS-SECTIONAL STUDIES OF FIBRINOGEN AND ISCHEMIC 
HEART DISEASE 

MacDonald and Edgill in 1957 (61) reported a study from London that found 
higher mean fibrinogen levels in subjects with coronary artery disease than in 
normal controls. A few years later, Merskey and coworkers published a report 
from South Africa in which they compared a number of possible risk factors for 
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periension) must co-exist with the elevated fibrinogen to increase the risk of ar- 
teriosclerosis (67). 

As discussed above, fibrinogen level is positively correlated with cigarette 
smoking and with body weight. Recent reports also link fibrinogen level with social 
class, being higher with lower social class, even after the contribution of smoking 
is taken into account (59). This may partly explain the higher risk of ischemic heart 
disease found in the lower grades of employment in the Whitehall study in London 
(60). There is evidence linking job stress with fibrinogen level (59) and exam stress 
with increased plasma viscosity (26). supporting a hypothesis that chronic adre- 
nergic stimulation may increase fibrinogen level. Genetic influences may also con- 
trol the plasma fibrinogen level. A study of 91 unrelated individuals found evidence 
linking fibrinogen level to phenotype for certain restriction fragment leneth po- 
lymorphisms of the fibrinogen genes and suggested that this may account for ap- 
proximately 15 percent of the variance in fibrinogen between individuals ( 50). Other 
investigators, who studies families in Sweden, concluded that about 50 percent of 
the variance in fibrinogen was genetically determined (42). These preliminarv stud- 
ies are intriguing and suggest the possible importance of fibrinogen in explaining 
the familiar clustering of ischemic heart disease, which cannot be fully explained 
by other risk factors. 

The pathophysiologic mechanisms by which the plasma fibrinogen concentra- 
tion may contribute to the etiology and progression of ischemic cardiovascular 
disease were mentioned in the introduction. In addition to the influence of fibrin- 
ogen level on plasma viscosity and the role of fibrinogen in platelet aggregation, 
some studies show a positive effect of fibrinogen concentration on incorporation 
of fibrin into atheromatous plaque (58). The evidence for the various possible 
mechanisms of fibrinogen's role in atherosclerosis has been well reviewed recently 
(93). There is surprisingly little experimental evidence to support the hypothesis 
that increasing the fibrinogen concentration in the physiologic range increases the 
amount or rate of clot formation in vitro or in vivo. One study in endotoxin-induced 
intravascular coagulation in rabbits showed that fibrinogen concentration increased 
the amount of intravascular fibrin deposition, compared to control animals, but 
not in animals made leukopenic by nitrogen mustard (39). Deduction from this 
model to the situation of thrombosis occurring at an arteriosclerotic plaque is. of 
course, problematic. 



IMPORTANCE OF ASSAY METHODS FOR FIBRINOGEN AND 
FACTOR VII 

The four prospective studies that showed fibrinogen level to be a risk factor 
for ischemic heart disease used different assay methods but all found quite similar 
results, with the greatest risk of disease occurring in subjects whose fibrinogen was 
>3.0 grams per liter approximately. Thus it would appear that the assay method 
was not critical. The agreement between these large studies probably reflects the 
careful attention paid to standardization of each assay method. In order to interpret 
laboratory results on individual patients not part of such a well-controlled study, 
it would be very helpful for laboratories to have available a national or international 
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intervention group and vet had no difference in factor VII levels. The addition of 
di sopropylfluorophosphate (a serine protease inhibitor) to high risk plasma ap- 
peareTto y inactiva P te somewhat more factor VII than an equivalent addition to tow 
risk plasma. Dalaker and coworkers postulated the existence of a plasma actor 
vn-phospholipid complex with greater enzymatic activity than uncomplexed plasma 
factor VII This explanation was also proposed for similar findings on plasma ot 
pregnant women, who have very high levels of factor VII by the third trimester 
PI? This °roup is not at high risk of coronary artery disease but does have 
hYpertriglyceridemia. In a subsequent publication, Dalaker and coworkers (*>) 
found that the phospholipase C-sensitive fraction was 29 percent (mean) of total 
factor VII activity in 100 male survivors of myocardial infarction compared to / 
percent in 48 healthy control men (p < 0.001). This fraction was again highly 
correlated with triglyceride level but not with cholesterol, and not with HDL- 
cholesterol if adjustment for triglyceride correlation was first made. The factor V 11 
activitv assay in all the studies by Dalaker and coworkers was a one-stage assay 
performed with human thromboplastin and plasma from hereditary human factor 

VII deficiency. . ' . 

In a studv at Stonv Brook, which compared middle-aged subjects (mean age 
5? years) prior to elective coronary arteriography to healthy low-risk age-matched 
subjects we found a significantly higher mean factor VII activity (116 percent) in 
the former compared to the latter (97 percent) using a one-stage clotting assay 
with human factor VH-deficient plasma and rabbit tissue factor (46) Using the 
coupled amidolvtic method to assess the presence of activated factor VII (Sb), we 
found no evidence to support an increase in activated factor VII as the explanation 
for the increase in factor VII activity. The elevated factor VII activity in the subjects 
undergoing arteriography was significantly associated with fasting serum triglyc- 
eride levels, but not with cholesterol: In a subsequent study, we compared factor 
VII activity and antigen levels in young asymptomatic first-degree relatives ot 
patients with premature coronary artery disease and low-risk age-matched subjects 
(47) The former group had significantly elevated mean factor VII activity (116 
percent) and antigen (125 percent) compared to low-risk subjects (10^ percent and 
97 percent respectively), and there was no evidence for an increase in activated 
factor VII bv comparison of the coagulant activity with either antigen levels meas- 
ured by enzyme immunoassay, or amidolvtic activity, measured by the Sehgsohn 

metl Other investigators have used functional and immunologic factor VII assays 
to assess the activity state of factor VII in patients with unstable angina and acute 
myocardial infarction (13). Factor VII activity was elevated much more than anugen 
in both groups, suggesting the presence of activated factor VII, and was correlated 
with the level of "thrombin-antithrombin complexes. In contrast, another group 
found no significant increase in factor VII coagulant or amidolvtic activity in fasting 
specimens from patients 1-4 days after acute myocardial infarction, although pa- 
tients hospitalized for chest pain who did not develop infarction had mildly e evated 
factor VII levels by both assays (86). These investigators also found significantly 
elevated extrinsic pathway inhibitor levels in patients with myocardial infarction 
and severe angina without infarction and an elevated phospholipase C-sensitive 
factor VII fraction in acute myocardial infarction. 
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f™!^ 0F THE NATION OF FACTOR VII AND SERUM LIPID 

tors "vn VmTx r ( ? r r aSUred a l ^ « umb - of coagulation fac- 

tors (11, V VII, VIII IX, X, and fibrinogen; in a group of patients with well- 
charactenzed hyperlipemias (types Ila, lib, IV, and V). They found elevated 
levels of factors II, VII IX and X in all 4 types of hyperlipemia;*^ differ n es 
were staustically significant for factor II in type Ila, factors II. VII, IX and X Tn 
ype lib, and fac t ors „ vil. and IX in type V. Studies with plasma lipoprotein 
nTv h P w Pare K ^ denS ' ty gr3dient ul tracentrifu g a«,on found that factor VII 

f - \tl >h I Chy !T CTa ' X LDU 3nd LDL and that lreatment of ^e lipoprotein 
traction with phosphohpase C increased the binding (14). This observation su-ests 
a possible explanation tor the findings of Dalaker and coworkers that phospholipase 
C addmon decreased the measurable factor VII activity in some patients' plasma 
more than in normals. Perhaps the phosphohpase C increased the binding offllZ 
VII to nglycende-nch hpoproteins in those patients" plasma and thereby mi*ht 
have interfered with its coagulant activity. In a recent study of 145 middle-ased 
men in whom lipoprotein fractions were characterized and factor VII activity meas- 
i3£S ll^\?t ated ^ ^ -^ride-rich fraction^- 

The involvement of carbohydrate metabolism in the control of factor VII levels 
was suggested by a study which measured factor VII activity and slucose levels in 
the fasting state and alter an intravenous glucose load in both normal subjects and 
patients with insuhn-dependent diabetes (18). Factor VII levels correlated l™£ 
dunn y T f * SUn 2°^ c ™ leve * both groups, and factor VII rose sitmifSv 
dunng the induced hyperglycemia in both groups. Dietary studies have also linked 
t ZT ° V^: 113 " 11 " ^-dependent factors with hypertriglyceridemia. In contrast 
vcendirn ,°/, e ? Ct ^nVu" Rbrino ^ P^nts with marked hypertrig- 

lyceridemia (,-6 mmol/L) have shown significant reductions of factor VII and X 
after treatment with diet alone or diet and clofibrate (25; 92). Serum triglycerides 
were reduced »0 percent after therapy in both studies. The study byffi S 

(ZZ nf S it° P r ° thrombin ,eve *> which were elevated" befo therapy 

(mean of 144 percent) but only decreased modestly after therapy (mean oM33 

VT Tlr IK T"? SUbj£CtS WCre StUdied ° n ,OW versus hi & diets, facto^ 

Iv fZ Zl C ° rrela , ted P ° SitlVe,y With fat and P rotein intake - « little as one 
day of high fat intake raised the factor VII coagulant activity (7?) 

K , i3 Am " ial f Studies i have addressed the relation of diet to elevation of vitamin 

had a C ?n C f ° a H gU,atl ° n faCt ° r f - Rabbits fed a ipercent cholesterol-supplemenTed 
diet had a 20-fold increase in plasma cholesterol (predominantly in VLDL) and a 
3-fold increase m factor VII coagulant activity (75). Total factor VII (measured bv 
ntiated peptide release assay on serum) also rose, but only about 1.3 fold so that 

abbS Th , C °h a§ 1 aC " Vity l ° t0tal 3Ctivity increased in the cholesterol-fed 
rabbits. This observation suggested that an increase in activated factor VII largely 
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rabbits and rabbits on a normal diet, using radiolabeled rabbit factor X and bovine 
prothrombin. The half-lives and fractional pool sizes for each protein were similar 
in the two groups of rabbits, as was the fractional catabolic rate. The absolute 
catabolic rate was significantly higher for each protein in the rabbits on a choles- 
terol-supplemented diet, leading the investigators to conclude that the synthesis ot 
prothrombin and factor X was increased in this group. 

Various studies have attempted to determine whether activation of plasma 
factor VII rather than an increase in mass, explains the relation of factor VII 
activity with increased triglycerides. In a study of normal adults and pregnant 
women Miller and coworkers (71) found that factor VII coagulant activity cor- 
related sianificantlv with both cholesterol and triglycerides, while total factor VII 
activity (measured'as tritiated peptide release in serum) did not. Addition of LDL 
or VLDL lipoproteins to plasma did not alter the level of factor VII activity 
measured, ruling out an in vitro effect on the assay. The mean level of total factor 
VII (104 percent) was slightly higher than the coagulant activity (90 percent) in 
the normal adults, while the pregnant women had mean coagulant and total activ- 
ities of 154 percent and 102 percent respectively. The increased ratio of factor VII 
coagulant activity to total factor VII in the pregnant women supported the con- 
clusion that this'group had an increase in activated factor VII. The authors hy- 
pothesized that factor VII activation explained the stronger correlation of factor 
VII clotting activity, compared to total factor Vll. with triglyceride level in the 
healthv middle-aged adults. 

Iii a study using an enzyme immunoassay for factor VII antigen, a similar and 
significant elevation of both factor VII activity and antigen was found in hyper- 
triglyceridemia (tvpe IV hyperlipidemia); the investivators concluded that total 
factor VII concentration was elevated in these patients (15). Patients with Type 
Ha and Kb hvperlipidemia had factor VII levels intermediate between those ot the 
patients with Tvpe IV and the healthy controls. The level of factor VII coagulant 
activity for the 'total group of patients was weakly correlated with the D-D dimer 
level In a related studv of 36 mildlv hyperlipidemic patients given a standardized 
hiah-fat, high carbohydrate meal, those patients with elevated triglycerides (>lo0 
' mg/dL) 8-12 hr postprandially had significantly elevated factor VII activity and 
antigen compared to the patients with triglycerides <150 mg/dL (16). These in- 
vestigators considered this additional evidence that hypertriglyceridemia was as- 
sociated with an elevation in the total concentration of factor VII. Another study 
in Tvpe Ila hyperlipidemia (cholesterol elevation alone) found both factor VII 
activity and antigen elevated, but only the former was statistically significant (10). 
Despite the fact that these were patients with hypercholesterolemia, the factor VII 
elevation bv both assays correlated with the triglyceride level, not with serum 
cholesterol.' One explanation for this. , and a problem for interpreting all these 
studies of hvperlipidemia. is the observation that patients from families with com- 
bined hvperlipidemia can have a lipoprotein analysis consistent with either Type 
II (a or b). Type IV or Type V hyperlipidemia (44). In those patients with elevation 
of cholesterol or triglycerides alone, the diagnosis of combined hyperlipidemia can 
onlv be made with" certainty bv a family study. Thus the relative proportion ot 
patients from families with combined hyperlipidemia compared to familial hyper- 
cholesterolemia in a study sample may affect the results obtained. 
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POSSIBLE IMPORTANCE OF LIPOPROTBN COMPOSITtON 
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systems, the activation of factor X Kmv puntied experimental 

markedly decreased in the absence o S"" vSTE? ° f ^ ls 
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the basis for the hypo hes" 5 U S^T * Umiti, *< 77 >-- The - data form 
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are involved in intimal proliferation -,nH ae ™«» trom blood monocytes 

(87). This suagests th possible Zvott^T™ ° f ^ arterio< *lerotic plaque 
^^t^^^^^^^^J^' and factor VI? in 
of ischemic heart disease but u tZ mil! u thrombotic component 

pothesis that factor VB elevat on i a „? : ' S if^ S P ecu,ative - The hy- 

of a thrombotic rnechan sm un derl s the p^saTforT ^ ^ 
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prove to be benign with regard to bleeding complications. This and similar ther- 
apeutic trials should provide further information as to the importance of the vitamin 
K-dependent clotting factors in the development of ischemic heart disease. 



ACKNOWLEDGMENT 

The author wishes to thank Carol Hoffman, Shirley Murray and Barbara 
Milano for their assistance in preparing the manuscript. 



REFERENCES 



Assmann G, Schulte H: The prospective 10. 
cardiovascular Munster study: prevalence 
and prognostic significance of hyperliptde- 
mia in men with systemic hypertension. Am 
J Cardiol 59:9G-17G, 1987. 

Assmann G, Schulte H: The prospective 11. 
cardiovascular Munster (PROCAM) study: 
prevalence of hyperlipidemia in persons with 
hypertension and/or diabetes meilitus and 
the relationship to coronary heart disease. 12. 
Am Heart J 116:1713- 1724, 1988. 
Balleisen L, Bailey J, Epping P-H, et a!.: 
Epidemiological study on factor VII, factor 13. 
VIII and fibronogen in an industrial popu- 
lation: I. Baseline data on the relation to 
age, gender, body-weight, smoking, alco- 
hol, pill-using, and menopause. Thromb 
Haemost 54:475-479, 1985. 14. 
Balleisen L, Assmann G, Bailey J, et al.: 
Epidemiological study on factor VII, factor 
VIII and fibrinogen in an industrial popu- 
lation — II. Baseline data on the relation to 
blood pressure, blood glucose, uric acid, and 15. 
lipid fractions. Thromb Haemost 54:721- 
723, 1985. 

Balleisen L, Schulte H, Assmann G, et al.: 
Coagulation factors and the progress of cor- 
onary heart disease. Lancet 2:461 , 19S7. 
Barbir M, Wile D, Trayner I, et al:: High 16. 
prevalence of hypertriglyceridaemia and 
apolipoprotein abnormalities in coronary 
artery disease. Br Heart J 60:397-403, 1988 
Baumann H, Onorato V, Gauldie J, Jahreis 
GP: Distinct sets of acute phase plasma pro- 17. 
teins are stimulated by separate human he- 
patocyte-stimulating factors and monokines 
in rat hepatoma cells. J Biol Chem 262:9756- 18. 
9768, 1987. 

Broze GJ Jr, Warren LA, Novotny WF, et 
al.: The lipoprotein-associated coagulation 
inhibitor that inhibits the factor Vll-tissue 19. 
factor complex also inhibits factor Xa: In- 
sight into its possible mechanism of action. 
Blood 71:335-343, 198S. 

Brozovic M, Stirling Y, Harricks C, et al.: 20. 
Factor VII in an industrial population. Br 
J Haematol 2S:38l-39i. 1974. 



Bruckert E. de Sousa JC, Giral P. et al.: 
Interrelationship of plasma triglyceride and 
coagulant factor VII levels in normotriglyc- 
eridemic hypercholesterolemia. Atheroscle- 
rosis 75:129-134. 1989. 
Carlson LA, Bottiger LE. Ahfeldt P-E: Risk 
factors for myocardial infarction in the 
Stockholm prospective studv. Acta Med 
Scand 206:351-360. 1979. 
Carson SD: Tissue factor (coagulation fac- 
tor III) inhibition by apolipoprotein A-II. J 
Biol Chem 262:718-721. 19S7. . 
Carvalho de Sousa J, Azevedo J, Soria C, 
et al.: Factor VII hyperactivity in acute my- 
ocardial thrombosis. A relation to the co- 
agulation activation. Thromb Res 51:165- 
173, 1988. 

Carvalho de Sousa J, Soria C. Ayrault-Jar- 
rier M, et al.: Association between coagu- 
lation factors VII and X with triglyceride 
rich lipoproteins. J Clin Pathol 41:940-944 
1988. 

Carvalho de Sousa J, Bruckert E. Giral P, 
et al.: Plasma factor VII, triglyceride con- 
centration and fibrin degradation products 
in primary hyperlipidemia: a clinical and 
laboratory study. Haemostasis 19:83-90, 
1989. 

Carvalho de Sousa J, Bruckert E, Giral P. 
et al.: Coagulation factor VII and plasma 
triglycerides. Decreased catabolism as a 
possible mechanism of factor VII hyperac- 
tivity. Haemostasis 19:125-130, 1989. 
Castelli WP: The triglyceride issue: A view 
from Framineham. Am Heart J 112:432- 
437, 1986. 

Ceriello A, Giugliano D, Quatraro A, et 
al.: Blood glucose may condition factor VII 
levels in diabetic and normal subjects. Dia- 
betologia 31:889-891, 1988. 
Comp PC: Life-span of plasma coagulation 
factors. In Williams WJ, et al. (eds): He- 
matology 4th Ed, New York, McGraw-Hill . 
1990, 1290-1294. 

Constantino M. Merskey C, Kudzma DJ. 
Zucker MB: Increased activity of vitamin 
K-dependent clotting factors in human hy- 



Fibrinogen and Factor VI! as Risk Factors in Vascular Disease 



23S 



21. 



:3 

24. 

25. 

26. 



29. 



30 



31. 



32. 



34. 



perlipoproteinaemia — Association with 
cholesterol and triglyceride levels. Thromb 
Haemost 38:465-474. 1977 
Dalaker K, Prydz H: The coagulation factor 
l 11 ™ Pregnancy. Br J Haematol 56:233- 
—41, 1984. 

Dalaker K, Hjermann I, Prydz H: A novel 
term .of factor Vn in plasma from men at 
nsK lor cardiovascular disease Br J Hae 
matol 61:315-322, 1985. " " * 

Dalaker K, Smith P, Arnesen H, Prvdz H- 
Factor VII-phospholipid complex in male 
survivors of acute myocardial infarction. Acta 
Med Scand 222:111-116, 1987. 
Eisenberg, S: Lipoprotein abnormalities in 
nypermglyceridemia: Significance in ath- 
erosclerosis. Am Heart J 1 13:555- N51 1987 
Elkeles RS, Chakrabarti R, Vickers MV et' 
al.: Effect of treatment of hyperlipidaemia 
on haemostatic variables. Br Med J ?Sl-97^- 
974, 19S0. 

Ernst E. Matrai A, Baumann M: Fibrino- 
gen: a possible link between social class and 
coronary heart disease. Br Med J 291:1723. 
1985. 

• Pagan K, Wilkinson I, Allen M. Brownlea 
5: The coagulation factor VII regulator is 

1988 Cd SP23 1 Gcnet 79:365 - 367 - 

Fair DS: Quantitation of factor VII in the 
plasma of normal and warfarin-treated in- 
dividuals by radioimmunoassay. Blood 
02:7S4-791, 19S3. 

Fearniey GR, Lond MD, Chakrabarti R 
Calcutta MB: Fibrinolytic treatment of 
rheumatoid arthritis with phenformin plus 
ethyloestrenol. Lancet 2:757-761 1966 
.. Fehily AM, Burr ML, Butland BK, Eas- 
%K tham RD: A randomised controlled trial to 
investigate the effect of a high fibre diet on 
blood pressure and plasma fibrinogen. J Ep- 
idemiol Community Health 40:334-337, 
1 986 . 

Freedman DS, Srinivasan SR. Shear CL et 
ai.: The relation of apolipoproteins A-I and 
m children to parental mvocardiai infarc- 
tion. N Engl J Med 315:721-726, 1986 
Fuchs. J, Weinberger I, RotenbersZ, et al • 
Plasma viscosity in ischemic heart disease 
Am Heart J 108:435-439. 19S4 
Gilchrist E, Tuiloch JA: Observations on 
the plasma fibrinogen content after my- 
ocardial infarction. Edinburgh Med J 59- 
561-567, 1952. 

Goldstein JL, Schrott HG. Hazzard WR, et 
al.: Hyperlipidemia in coronary heart dis- 
ease. II. Genetic analysis of lipid levels in 
176 families and delineation of a new in- 
herited disorder, combined hyperlipidemia 
J Clin Invest 52:1544-1568, 1973. 
Gordon EM. Hellerstein HK, Ratnoff OD 
et ai.: Augmented Hageman factor and pro- 
lactin tilers, enhanced cold activation of fac- 
tor V II, and spontaneous shortening of pro- 



36. 



37 



38. 



39 



40. 



41. 



42 



43 



44 



45. 



46. 



47. 



48. 



49. 



thrombin time in survivors of myocardial 
mlarction. J Lab Clin Med 109-409-413 
19S7. ' • • 

Gordon T, Moore FE, Shunleff D. Dawber 
5ome methodologic problems in the 
bng-term study of cardiovascular disease- 
Observations on the Framingham studv j 
Chron Dis 10:lS6-206. 1959 
■ Gramzinski RA, Brose GJ, Carson SD- Hu- 
man fibroblast tissue factor is inhibited bv 
lipoprotein-associated coagulation inhibitor 
and placental anticoagulant protein but not 
by apoiipoprotein A-II. Blood 73:983-989. 
1989. 

Grundy SM, Vega GL: Hypertriglyceride- 
mia; causes and relation to coronarv heart 
disease. Semin Thromb Hemostas 14:149- 
164. 1988. 

Gurewich V, Lipinski B, Hyde E: The effect 
ot the fibrinogen concentration and the leu- 
kocyte count on intravascular fibrin depo- 
sition from soluble fibrin monomer com- 
plexes. Thromb Haemost 36:605-614 1976 
Hagen FS, Gray CL, O'Hara P. et al. - Char- 
acterization of a cDNA coding for human 
factor VII. ProcNatl Acad Sci USA 83 ?4P- 
2416, 1986. 

Haines AP, Chakrabarti R. Fisher D. et al • 
Haemostatic variables in vegetarians and 
non-vegetarians. Thromb Res 19:139-148. 

Hamsten A, Faire U, Iselius L, Blomback 
M: Genetic and cultural inheritance of plasma 
fibrinogen concentration. Lancet 2:988-990. 
1987. 

Hantgan RR, Francis CVV, Sheraga HA 
Marder VJ: Fibrinogen structure and phys- 
iology r n Colman RW (ed.): Hemostasis 
and Thrombosis, 2nd Ed, Philadelphia J P 
Lippincott, 1987, 269-288. 
Flazzard WR, Goldstein JL, Schrott HG. et 
al.: Hyperlipidemia in coronarv heart dis- 
ease. III. Evaluation of lipoprotein phen- 
otypes of 156 genetically defined survivors 

aJs^iSsr*"- 1 CUn invest 

Hjort PF, Egeberg O, Mikkeisen S: Turn- 
over of prothrombin, factor VII and factor 
IX in a patient with hemophilia A. Scand J 
Chn Lab Invest 13:668-672, 1961. 
Hoffman C, Shah A, Sodums M. Hultin MB- 
Factor VII activity state in coronary arterv 
disease. J Lab Clin Med 111:475-481 1988 
Hoffman CJ, MiUer RH, Lawson WE Hul- 
tin MB: Elevation of factor VII activit'v and 
mass in young adults at risk of ischemic heart 
disease. J Am CoU Cardiol 14:941-946 1989 
Hopkins GJ, Barter PJ: Role of trielycer- 
ide-nch lipoproteins and hepatic lipase in 
determining the particle size and composi- 
tion of fngh density lipoproteins. J Lipid Res 
2/. 1265— 1277, 1986. 

Hulley SB, Roseman RH. Bawot RD, Brand 
RJ: Epidemiology as a guide to clinical de- 



"life 




J:- 

2'',? !• 

?;!' r ; 



cisions. N Engl J Med 302: 1383- 1389. 19SU. 
Humphries SE. Dubowitz M. Cook M. et 
al.: Role of genetic variation at the fibrin- 
ogen locus in determination of plasma fi- 
brinogen concentrations. Lancet 1:1452- 
1455.~L987. 

51. Kanaide H, Shainoff J: Cross-linking of ft- 67. 
brinoaen and fibrin bv fibrin -stabilizing fac- 
tor (factor Xllla). J Lab Clin Med 85:574- 

597, 1975. 

52. Kannel WB. Castelii \VP. Gordon T. 
McNamara PM: Serum cholesterol, lipo- 68. 
proteins, and the risk of coronarv heart dis- 
ease. Ann Intern Med 74:1-12.' 1971. 

53. Kannel WB, DAgostino RB. Be lunger AJ: 
Fibrinogen, cigarette smoking, and risk of 
cardiovascular disease: insights from the 
Framingham studv. Am Heart J 113:1006- fS9. 
1010. 1987. 

54. Kannel WB. Wolf PA. Castelii WP. D A- 
gostino RB: Fibrinogen and risk of cardi- 
ovascular disease. The Framin«ham stud v. 70 
JAMA 258:1183-1186. IVS7. 

55. Kant J. Fornace AJ. Saxe D. el al.: Evo- 
lution and organization of the fibrinogen lo- 
cus on chromosome 4: gene duplication ae- 7] . 
companied bv transposition and inversion. 

Proc Natl Acad Sci USA 82:2344-2348. 
1985. 

56. Lowe GDO. Drummond MM. Third JLHC. 
et al.: Increased plasma fibrinogen and 

plate let- aggregates in type II hyperlipopro- 72. 
teinaemia. Thromb Hacmost 42:1503-1507. 
1979. 

57. Lowe GDO. Drummond MM. Lo rimer AR. 
et al.: Relation between extent of coronary 
arterv disease and blood viscosity. Br Med 73. 
J 7:673-674. 1980. 

58. Lowe GDO: Blood rheologv in arterial dis- 
ease. Clin Sci 71:137-146.^1986. 

59. Markowe HU. Marmot MG. Shipley MJ. 
et al.: Fibrinogen: a possible link between 
social class and coronarv heart disease. Br 
Med J 291:1312-1314. 1985. 

60. Marmot MG. Rose G. Shipley M. Hamilton 
PJS: Employment grade and coronary heart 
disease in British civil servants. J Epidemiol 
Community Health 32:244-249. 1978. 

61. McDonald L, Edgill M: Coagulability of the 
blood in ischaemic heart-disease. Lancet 
2:457-460. 1957. 

62. Meade TW. North WRS: Population-based 76. 
distributions of haemostatic variables. Br 

Med Bull 33:283-2SS. 1977. 

63. Meade TW, Chakrabarti R. Haines AP. et 
al.: Characteristics affecting fibrinolytic ac- 
tivity and plasma fibrinosen concentrations. 77. 
Br Med J 1:153-156. 1979. 

64. Meade TW. Chakrabarti R. Haines AP. et 78. 
al.: Haemostatic function and cardiovas- 
cular death: earlv results of a prospective 
study. Lancet 1050-1054. 1980. 

65. Meade TW: Risk associations in the throm- 79. 



74. 



75. 



Hultin 



botic disorders. Clin Haematol 10:391-405. 
1981. 

Meade TW. Brozovic M. Chakrabarti RR, 
et al.: Haemostatic function and ischaemic 
heart disease: principal results of the North- 
wick Park heart study. Lancet 533-537. 1986. 
Meade TW: The epidemiology of haemos- 
tatic and other variables in coronary artery 
disease. In Verstraete M (ed.): Thrombosis 
and Haemostasis. Leuven. Leuven Univer- 
sity Press. 19S7, 37-60. 
Meade TW. Wilkes HC. Stirling Y. ei al.: 
Randomized controlled trial of low dose 
warfarin in the primary prevention of is- 
chaemic heart disease in men at high risk: 
design and pilot studv. Eur Heart J 9:856- 
843.^ 1988. 

Merskey C. Gordon H. Lackner H et al.: 
Blood coagulation and fibrinolysis in rela- 
tion to coronarv heart disease. Br Med J 
1:219-227, I960. 

Miller GJ. Miller NE: Plasma-high-density- 
lipoprotein concentration and development 
of ischaemic heart-disease. Lancet ! : 16 - 19. 
1975. 

Miller GJ. Walter SJ. Stirling Y. et al.: As- 
say of factor VII activity by two techniques: 
evidence for increased conversion of VII to 
a VII., in hyperlipidaemia. with possible im- 
plications for ischaemic heart disease. Br J 
•Haematol 59:249-258. 1985. 
Miller GJ. Martin JC. Webster J. et al.: 
Association between dietary fat intake and 
plasma factor VII coagulant activity — a 
predictor of cardiovascular mortality. Ath- 
erosclerosis 60:269-277. 1986. 
Miller GJ. Cruickshank JK. Ellis LJ. et al.: 
Fat consumption and factor VII coagulant 
activity in middle-aged men. Atheroscle- 
rosis 78:19-24, 19S9~ 

Mitropoulos KA. Esnouf MP: Turnover of 
factor X and of prothrombin in rabbits fed 
on a standard or cholesterol-supplemented 
diet. Biochem J 244:263-269. 1987. 
Mitropoulos KA, Esnouf MP, Meade TW: 
Increased factor VII coagulant activity in 
the rabbit following diet -induced h yperc ho- 
les terolaemia. Evidence for increased con- 
version of VII to VII., and higher flux within 
the coagulation pathway. Atherosclerosis 
63:43^-52, 1987. 

Mitropoulos KA. Miller GJ. Reeves BE A. 
et al.: Factor VII coagulant activity is strongly 
associated with the plasma concentration of 
large lipoprotein particles in middle-aged 
men. Atherosclerosis 76:203-208. 1989? 
Nemerson Y: Tissue factor and hemostasia. 
Blood 71:1-8, 1988. 

Nemerson Y. Williams WJ: Biochemistry of 
plasma coagulation factors. In WJ Williams, 
et al.. feds): Hematology. 4th Ed.. New 
York. McGraw-Hill. 1990. 1267-1284. 
Olsson AG. Holmquist L. Walldius G. ei 



Fibrinogen and Factor VII as Risk Factors in Vase.-; Disease 



0A\ 



so 



SI 



82. 



84 



85 



86. 



S7. 



88. 



89. 



90. 



91. 



al.: Serum apolipoproteins. lipoproteins and 
tatty acids in relation to ischacmic heart dis- 
ease in northern and southern European 
males. Acta Med Scand 223:3- J V 1988 
Pelkoncn R. Nikkiia EA. Koskincn S "et 
a!.: Association of serum lipids and obesity 
with cardiovascular mortality Br Med "l 
2:1185-1187. 1977. 

Pteiffer RA. Ott R, Tabcn KD: Clmtin- 
iactors VII and X as useful markers of ter- 
minal deletion of chromosome 1 i Hum Ge- 
net 69:192. 1985. 

Phillips AN. Pocock SJ: Sample size re- 
quirements tor prospective studies, with ex- 
amples tor coronary heart disease I Clin 
Epidemiol 42:639-648. 1989. 
Radcjiffc R. Nemerson Y: Activation and 
control of factor VII bv activated factor X 
and thrombin. Isolation and characteriza- 
tion of a single chain form of factor VII J 
Biol Chem 250:388-- 395. 1975. 
Rifai N: Lipoproteins and apolipoprotems 
Composition, metabolism, and association 
with coronary heart disease. Arch Pathol 
Lab Med 1 10:694-701 . I98n. 
Ritchie DC. Levy BA. Adams M A Fuller 
GM: Regulation of fibrinogen svnthesis bv 
plasmin-denved fragments of fibrinogen and 
libnn: an indirect feedback pathway Proe 
Natl Acad Sci USA 79:1530-1534 1982 
Sandset PM. Sirnes PA. Abildsaard U- Fac- 
tor VII and extrinsic pnthwav inhibitor in 

Schwartz CJ. Valcntc AJ. Spracuc EA ei 
al.: Monocyte-macrophage partfeipacion in 
atnerogenesis: Inflammatory components of 
pathogenesis. Semin Thromh Hemostas 
12.-/9-86. 1986. 

Seiigsohn U. 0sterud B. Rapaport Si - Cou- 
pled amidolytic assay for factor VII- Its use 
with a clotting assay to determine the activ- 
ity state ol factor VII. Blood 52:978-988. 
1978. 

Seiigsohn U. Kasper CK. 0sterud B Ra- 
paport SI: Activated factor VII: Presence 
in tactor IX concentrates and persistence in 
the circulation after infusion. Blood SVJPS-. 
837, 1979. " " 

Simons LA, Friedlander Y. Simons J. Kark 
JD: Familial aggregation of corona rv heart 
oisease: partial mediation bv hish denstcv 
lipoproteins? Atherosclerosis 69:139-144. 
1 988. 

Simpson HCR. Mann JI. Chakrabani R et 
al.: Elfect of high-fibre diet on haemostatic 
variables in diabetes. Br Med J 284:1608 



92 



93. 



l J5. 



96 



97. 



98. 



100. 



101. 



102. 



103. 



104. 



Simpson HCR. Meade T\V. Stirling Y et 
al.: Hypcnriglyccridacmia and hyperco- 
agulability. Lancet 1:786-789. 1983. 
Smith EB: Fibrinogen, fibrin and fibrin deg- 
radation products in relation to atheroscle- 
rosis. CUn Haematol 15:355-370 1986 
Stone MC. Thorp JM: Plasma fibrinogen — 
a major coronary risk factor. J R Col! Gen 
Pract 3 5 : 565 - 569 . 1 985 . ' 
Swahn E. von Schenck H. Wallentin L- 
Plasma fibrinogen in unstable coronarv ir- 
tery disease. Scand J Clin Lab Invest 49-49- 
^4. ! 989 

Tirindelli MC. Mariani G. Mazzucconi MC 
et al.: Evaluation of factor VII antigen in 
lacror VII congenital deficiencies with'a new 
LLISA assay. Am J Hematol 26:311-321 

1987. 

van Deijk W'A. van Dam-Mieras MCE 
Muller AD. Hemker HC: Evaluation of a 
coagulation assay determining the activity 
suite ol ractor VII in plasma.^Haemostasis 
Lv 192-197. 1983. 

Vorster HH. Silvis N. Venter C. et al.: Serum 
cholesterol, lipoproteins, and plasma coag- 
ulation factors in South African blacks oifa 
high-egg but low-fat intake. Am J Clin Nutr 
46:>2-57. 1987. 

VVeintraub MS, Eisenbcnz S. Breslow JL- 
Dmcrent patterns of postprandial lipopro- 
tein metabolism in normal, tvpe Ha. type 
III. and type IV hyperlipoproteinemie" in- 
dividuals. Etfccts of treatment with choles- 
tyramine and gemfibrozil. J Clin Invest 
79:II10~ui9. 1987. 

Weiss HJ. Turitto VT. Baumaartner HR. 
et al.: Evidence for the presence of tissue 
factor activity on subendothelium. Blood 
73:968-975. 1989. 

Wilheimsen L. Svardsudd K. Korsan-Bena- 
tsen K. et al.: Fibrinogen as a risk factor 
tor stroke and myocardial infarction. N Erwl 
J Med 311:501-505, 1984. 
Williams BE. Krishnaswemy S. Mann KG: 
Zymogen/enzyme discrimination usina pep- 
fide chloromethylketones, J Biol Chem 
264:7536-7545, 1989. 

Williams WJ: Production of plasma coag- 
ulation Iactors. In Williams WJ. et al. (eds ~y 
Hematology, 3rd Ed., New York. McGraw- 
Hill. 1983. 1222-1230. 
Zur M. Radcliffe RD. Oberdick J. Nem- 
erson Y : The dual role of factor VII in blood 
coagulation. Initiation and inhibition of a 
proteolytic system bv a zvmogen. J Biol 
Chem 257:5623-5631. 1982. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: '. 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



